INTRODUCTION
Sensory evaluation of vegetables brings valuable information on their quality characteristics. Sensory traits are usually the main factor determining consumer's satisfaction. The QDA method (quantitative descriptive analysis) is applied for detailed description of sensory characteristics of food. In this method an assumption is done that sensory quality is a complex of many descriptors, which can be individually estimated by a consumer (Meilgaard et al. 1999) . For the unification of sensory methods international standards were approved (Anonymous 1996 (Anonymous , 1999 . In order to evaluate results, ANOVA is generally applied to study the effect of judge, replicate and products for each sensory attribute. An alternative statistical method is multivariate data analysis in which all attributes are analyzed simultaneously providing a holistic interpretation of correlation and redundancy between the attributes and principal component analysis (PCA) have been applied to study the relevance of each attribute in describing a relevant interpretable sensory variation (Kreutzmann et al. 2007) . There are some reports on relationship between sensory quality and physical or chemical characteristics of vegetables (Fillion & Kilcast 2002 , Gajewski 2003 , Gajewski & Arasimowicz 2004 ), but few reports concerning sensory characteristics of carrot. As the main sensory quality criteria of carrot, firmness, sweet taste and absence of bitter or harsh taste are used (Suslow et al. 1998) . Haglund et al. (1999) reported that conventionally grown carrot had a sweeter taste and was crunchier than ecologically grown one. As sensory attributes, hardness, crunchiness, juiciness, sweetness, bitterness, carrot taste and aftertaste were used in this work. Rosenfeld et al. (1997a) and Kreutzmann et al. (2007) pointed out on influence of genotype on sensory profile of carrot. Alabran & Mabrouk (1973) suggested that the non-volatile chemical constituents (sugars and amino acids) are primarily responsible for the taste of fresh carrot and that the contribution of volatile components is small compared with that of non-volatile compounds. Simon et al. (1980) emphasized the importance of both sugars and volatile terpenes in determining raw carrot flavour. Some correlations between flavour compounds and sensory quality of carrot was found (Varming et al. 2004) . Martens et al. (1983) reported, that only 23% of the variation in sensory quality could be predicted by chemical composition of carrot. According to these authors, consumer's liking for carrot is generally correlated to perceived sweetness. High sensory quality and sweetness have been reported to correlate with sugar content (Simon et al. 1982 , Howard et al. 1995 . However, sugar content did not predict sweet taste in the studies of Rosenfeld et al. (1997b) and Rosenfeld & Lea (1998) . The same authors observed that a low growing temperature favoured sweet taste, acidic taste, crispness and juiciness of carrots, whereas high growing temperatures resulted in bitter taste and high firmness of roots. Sugars content in carrot can be very differentiated and relates to many factors (Suojala 2000) . Evers (1989) found that taste and texture scores given after 4 or 6-month storage were lower than after harvest. Stored carrots were scored as worse in taste also in experiment performed by Seljasen et al. (2001) . Alasalvar et al. (2001) reported that carrots could vary in quality dependent on the amount of volatile flavour compounds and nonvolatile bitter compounds and sugars. These compounds influence the sensory perception of the volatile compounds, and thus the total impression of the sensory quality. Carrot genotypes with variation in colour (orange, red, yellow and white) show the largest diversity in quality (Rubatzky et al. 1999 , Kreutzmann et al. 2007 . However, there is a limited knowledge on sensory quality variation between these genotypes. Alasalvar et al. (2001) examined four different coloured carrots for sensory quality. They found significant differences for some of the flavour attributes, including sweetness. The purple carrot got the highest score, and orange and white genotypes had higher levels of terpenes than the other genotypes. They found no significant differences for bitterness and aftertaste. 'Bolero', the most commercial cultivar on the Danish market, was described as having highest sweetness, hay aroma and lowest carrot flavour.
The aim of this work was to determine sensory quality for various carrot cultivars of different genotype -with orange, purple and yellow storage roots. An approach was done to find correlations between descriptors of sensory quality and to determine, which descriptors significantly affected overall sensory quality. Also consumer test of carrots liking was performed to find consumer's preference for carrot types and to determine the relationship between sensory profiles and consumer's attitude to carrot types.
MATERIAL AND METHODS
The work was carried out at Warsaw Agricultural University in 2005 and 2006. Carrot was grown on the experimental field of the University. The soil was a medium mud soil. Carrots were sown directly to the ground on ridges at the end of May, and plants were harvested at fully ripen stage, in the middle of September. Fertilizing was applied according to results of soil analysis. In the experiment diversity due to a genotype of carrots were investigated. Eight cultivars of different root colour and shape were chosen -'Perfekcja', 'Interceptor' F 1 ,'Vita Longa', 'Nebula' F 1 , 'Deep Purple' F 1 , 'Purple Haze' F 1 , 'Mello Yello' F 1 , 'White Satin' F 1 . Characteristics of cultivars: 'Perfekcja' -roots orangecoloured, 'Interceptor' -orange red-coloured, elongated roots; 'Vita Longa' -broad, conical orange roots; 'Nebula' -orange-coloured, cylindrical roots; 'Deep Purple' -roots purple coloured, with purple core, 'Purple Haze' -roots purplecoloured, with orange core; 'Mello Yello' -yellow-coloured roots; 'White Satin' -creamy-white roots.
Sensory analysis was performed in sensory laboratory of Department of Vegetable and Medicinal Plants, equipped according to ISO standard (Anonymous 1999). The trained panel, consisting of 12 persons, previously selected and trained according to ISO standard (Anonymous 1996), carried out the evaluation using the quantitative descriptive analysis (QDA). At the first part of QDA procedure, 'brainstorming' sessions were run to select sensory attributes for carrots. Panelists received samples of carrots, varying in sensory properties, and generated a set of 13 descriptors for odour, appearance, texture and flavour/taste of carrot (Table 1) . Low -high quality Also overall quality impression was evaluated. The analysis was performed in separate booths, equipped with computers. Every assessor received samples of carrots. The samples and replicates were served in coded small plastic containers, covered by lids, in a totally random order. For the assessment, roots were cut on slices 1 cm thickness and put to containers. The assessments were marked on non-structural lines with anchoring points, which were shown on the monitors. Results were converted to numerical values (from 0 to 10). The analysis was performed during two independent sessions. For coding samples and for initial processing of the data, Analsens software was used. Consumer's test of carrots liking was also performed in 65-person group, consisting of volunteers in different age of both sexes -25 males and 40 females. For this evaluation nonstructural scale was also used, with anchoring points: 'I do not like it' -'I like it very much'. Consumer liking for colour, flavour and overall liking was evaluated. For the analysis of variance Statgraphics Plus 4.1 software with one-way and two-factor Anova analysis was applied, and Tukey's test was used to show which values differ significantly at P=0.05. Principal component analysis (PCA) and regression analysis were also applied for the data elaboration.
RESULTS AND DISCUSSION
The set of attributes generated by the expert panel in this study was quite similar to the set used by Haglund et al. (1999) . In other work performed by Kreutzmann et al. (2007) the set of 13 attributes was used, including terpene aroma, carrot aroma, silage aroma, green aroma, hay aroma, terpene flavour, carrot flavour, sweetness, bitterness, green flavour, soapiness, nutty flavour, burning aftertaste. The principal component analysis (PCA) of the sensory data shows which sensory attributes most strongly influence sensory characteristics of carrot (Fig. 1) .
Vectors: 1 -odour of raw carrot, 2 -sweet odour, 3 -off-odour, 4 -colour of outer part of root, 5 -colour of inner part of root, 6 -flesh hardiness, 7 -flesh juiciness, 8 -flesh crunchiness, 9 -flavour of raw carrot, 10 -sweet taste, 11 -sour taste 12 -bitter taste, 13 -off-odour, 14 -overall quality impression Points: A -'Perfekcja', B -'Interceptor', C -'Vita Longa', D -'Nebula', E -'Deep Purple', F -'Purple Haze', G -'Mello Yello', H -'White Satin'. Fig. 1 . PCA projection for sensory analysis of carrot cultivars from both years of study.
The projection shows, that two first components explain together 62% of the variation between samples, with the first component alone accounting for 38% of the variation. The relationship between sensory attributes and carrot samples can be determined by their location on the projection. Vectors 9 and 10, which represent flavour of a raw carrot and sweet taste attributes, are situated close to each other and to the vector of overall quality. It points out great positive influence of these attributes on overall quality characteristics of carrots. Kreutzmann et al. (2007) pointed out that quality is important in marketing of carrots, and flavour is one of the important factors in assessing carrot quality. As it can be seen on the Fig. 1 , vector 12 (bitter taste) and vector 13 (off-odour) lay in opposite direction to the vector of overall quality. The strong negative influence of these attributes on the overall sensory quality of carrots is therefore evident. Vectors 4 and 5 (colour of storage roots) are perpendicular to the vector of overall quality, so colour was not strictly related to overall quality impression, and to flavour of carrot or sweet taste perception. Points A, C, D, F, which represents cultivars 'Prefekcja', 'Vita Longa', 'Nebula' and 'Purple Haze', are situated close to each other and in the same area of the graph, what indicate similar sensory characteristics or relevant samples. Moreover, points of these cultivars are close to the vector of overall quality. This indicates higher sensory quality of these cultivars compared to other analyzed cultivars. Point of 'Mello Yello' lies on the opposite direction from the center of vectors than the vector of overall quality, so it can be stated that sensory quality of this cultivar was scored low, and the reason of it could be related to bitter taste and off-odour, which were presented in this cultivar (close distance to these vectors). What is interesting, white-coloured cultivar 'White Satin', as well as cultivar 'Interceptor', show quite different sensory characteristics from other cultivars, since point of these cultivars lie on the large distance from the center of vectors, and from other cultivars. Fig. 2 -5 shows sensory profiles for some analyzed cultivars, chosen due to different root colour or shape. It can be seen that differences in sensory quality for the first and the second year of the experiment were significant in the case of some attributes, but differences between orange-coloured and purple or yellowcoloured cultivars are evident. High sweet taste intensity of 'Perfekcja' was accompanied with high sweet taste intensity of this cultivar in both years of the experiment (Fig. 2) . Kreutzmann et al. (2007) found significantly higher intensity in raw carrot aroma and flavour as well as sweetness in the yellow and white cultivars. We did not confirm high sweet taste intensity in white or yellow roots, which were rated lower than orange roots in this respect. Off-odour and off-flavour intensities were rated on a low level for all these cultivars. However, as it was found in other work (Gajewski & Dąbrowska 2007) , the intensity of these unusual for carrot, and unpleasant traits is usually higher in stored carrots than in freshly harvested ones, as in this case.
Note: * means significant difference for given attribute at P=0.05 Note: * means significant difference for given attribute at P=0.05 In experiment performed by Kreutzmann et al. (2007) high correlation was found for the 'negatively' perceived attributes: burning aftertaste, bitterness, terpene flavour and silage aroma, which are inversely correlated to the more 'positive' attributes, as carrot and nutty flavour. Similar correlations were also found by Varming et al. (2004) . The attributes -carrot aroma, nutty flavour, carrot flavour -were positively correlated and inversely correlated to green flavour, burning aftertaste, bitterness, terpene aroma and flavour, soapiness, and silage aroma. Rosenfeld et al. (1997a) examined sensory quality of carrot roots and found the attributes sweet taste, crispness, juiciness and acidic taste to correlate inversely to terpene odour, green odour, terpene flavour, bitter taste, bitter aftertaste and others. Varming et al. (2004) examined eating quality of raw carrots, and found the attributes fruity taste, carrots aftertaste, nutty taste and sweet taste to correlate inversely to bitter taste, bitter aftertaste, earthy taste and earthy odour.
Consumer's liking test was performed on the group of persons of different age and sex, but originated mostly from urban population. In other consumer's tests for liking of vegetables, described in literature, similar method of product evaluation was used. To get a view on carrot quality perception by persons of different sex, results of test are presented for males and females separately, in Fig. 6-8 . It can be seen that orange-coloured genotypes were scored higher by persons of both sexes in respect of colour liking than other coloured ones (Fig.  6 ). In respect of flavour liking, 'Perfekcja', 'Interceptor' and 'Nebula' were the most desired cultivars by consumers of both sex, and 'Mello Yello' was the lowest desired cultivar (Fig. 7) . Overall liking, which reflects both colour and flavour liking is presented in Fig. 1 . Differences between cultivars of orange storage roots were insignificant, but scores for other cultivars were significantly lower, especially for 'Mello Yello'. These results indicate that orange-coloured genotypes are preferred to the purple, yellow and white ones. The attempt to find a relationship between expert's evaluation of carrots with QDA and consumer's test of liking carrots, regression analysis was done. The relationship between consumer's liking for flavour of carrots and overall liking of carrot of given characteristics is presented in Table 2 . Flavour liking was strongly and positively correlated with flesh juiciness and crunchiness. According to Martens et al. (1983) consumer's liking for carrot is positively related to sweet taste intensity, but this finding was not confirmed in our study. The correlation between sweet taste intensity in experts' evaluation and flavour liking in consumer's test was not strong and was negative, what indicates bigger influence of other attributes on consumer's perception of taste and flavour in carrot. These relationships are in accordance with these reported by Varming et al. (2004) , who found very weak correlations between sweetness or bitterness and consumer liking. In our experiment overall liking was strongest positively correlated with flesh juiciness, crunchiness, and negatively correlated with flavour of raw carrot. What is interesting, consumer's liking did not reflected overall quality score, which was given in experts' in QDA analysis of carrots. In other experiments with stored carrots we found that overall quality was strongly and positively correlated with flesh crunchiness and sweet taste, and negatively correlated with bitter taste. Talcott et al. (2001) reported that high sensory quality and sweetness of carrot positively correlate with sugar content. Our investigations showed that taste and colour of carrot are highly correlated. It is in agreement with Kreutzmann et al. (2007) , who found that genes might code taste and colour. The volatile constituents of raw carrot odour consist mainly of mono-and sesquiterpenes (Varming et al. 2004 ). According to Martens at al. (1983) and Filion & Kilcast (2002) firmness of carrots is moderately related to dry matter.
Besides principal component analysis, multiple regression analysis gives usually good information on the relations between sensory attributes. To describe the relationship between scores for overall sensory quality and for sensory descriptors of carrot quality, a linear multiple linear regression model was applied. In this modeling the simplification was done that the relationship is of a linear character. According to Meilgaard et al. (1999) , sensory perception of human is not always linear. The R 2 statistics indicates that the model explains 50% of the variability of overall sensory quality (the relationship is significant at P ≤ 0.05). The equation of the fitted model is as follows: where: Y q -score expected for overall quality of carrot, x 1 -x 13 -sensory quality attributes, numbered according to Table 1 .
Constant values in this equation show the level of influence of each variables (sensory attributes) on the overall quality score. According to this statement, the biggest influence on overall quality exerted off-odour intensity, flesh firmness, flavour of raw carrot intensity, bitter taste and off-flavour intensity. This reflects quite strictly the conclusions drawn out from principal component analysis projection. CONCLUSIONS 1. Carrot cultivars of different genotype, taken to this evaluation differ in respect of sensory quality, and the best quality showed 'Nebula', 'Purple Haze' and 'Vita Longa' 2. Sensory attributes, which most significantly influenced overall sensory quality impression were off-odour intensity, flesh firmness, raw carrot flavour intensity, bitter taste and off-flavour intensity. 3. Investigated orange-coloured carrot cultivars were preferred by consumers to other coloured ones. 4. Liking of carrots flavour is strongly and positively correlated with juiciness and crunchiness of storage roots. 5. There was found small influence of sex on consumers' attitude for carrot characteristics.
